We isolated a strain of Escherichia coli K-12 in which the lac structural genes are fused to the purB control region and used this strain to study the regulation of the purA and purB loci. The purA locus was derepressed in response to either limiting adenine or guanine growth conditions in the presence of excess guanine or adenine, respectively. The presence of hypoxanthine in the culture medium did not have any effect on the expression of the purA locus. The purB locus responded to limiting adenine growth conditions in the presence of either excess hypoxanthine or guanine alone but not when both hypoxanthine and guanine were present.
Adenylosuccinate (SAMP) lyase (EC 4.3.2.2), the product of the purB locus in Escherichia coli K-12 and Salmonella typhimurium, is a bifunctional enzyme that catalyzes the conversion of phosphoribosylsuccinocarboxamide aminoimidazole (SAICAR) to phosphoribosylaminoimidazolecarboxarnide and SAMP to AMP (8; Fig. 1 ). Strains with a purB mutation exhibit a specific requirement for adenine and accumulate SAICAR. SAMP synthetase (EC 6.3.4.4), the product of the purA locus, and SAMP lyase form a two-step pathway for AMP biosynthesis via SAMP from IMP ( Fig. 1) .
SAMP synthetase and SAMP lyase have been physically characterized from E. coli (16, 19, 22) and several other sources. In E. coli both enzyme activities are known to be repressed when adenine is added to culture media, but the exact mechanisms of regulation and the number of regulatory loci involved are not known (3, 7) . Since the purA and purB loci are unlinked on the E. coli K-12 chromosome (1) and the purB locus is also involved in IMP biosynthesis, the two loci would not a priori be expected to be regulated by the same mechanism.
To extend our knowledge of the regulation of the purA and purB loci, we used a strain of E. coli K-12 and Mu dl(Ap lac) bacteriophage insertions (4) to isolate a strain with a purBlac fusion. The Xpl(209) bacteriophage (5) was substituted for the Mu dl(Ap lac) bacteriophage, and the resulting strain was used to study the regulation of the purA and purB loci.
The E. coli K-12 bacterial strains used in this study are described in Table 1 . The chemicals, growth media, and conditions; bacteriophage propagation, storage, and transduction procedures; mutagenesis and auxotroph isolation procedures; and whole-cell and protein assays used are described by Tiedeman and Smith (24) . Conditions for growth of adenine auxotrophs under limiting adenine growth conditions were as follows. A 5-ml overnight preculture of the strain was grown in supplemented minimal medium with excess adenine (50 p.g/ml). The preculture was centrifuged, washed with sterile 0.85% NaCl, and used to inoculate 200 ml of minimal medium containing limiting adenine (5 p.g/ml) at an optical density at 660 nm of .0.05. The cultures were then reincubated with shaking and monitored at an optical density at 660 nm until exponential growth ceased. The cultures were harvested 1 h after exponential growth had ceased. Guanine auxotrophs were limited for guanine by inoculating a 200-ml medium containing excess amounts of guanine (50 ,ug/ml) with the overnight preculture. At an * Corresponding author. optical density at 660 nm of 0.3 to 0.4, the cultures were harvested in a sterile manner, washed with 0.85% NaCl, and resuspended in 200 ml of minimal mediunm lacking guanine. The cultures were then reincubated for 1 h before harvest.
Crude extracts for enzyme assays were prepared essentially as described by Smith et al. (21) , except that the crude extracts were desalted on a Sephadex G-25 column (9) before assay. IMP dehydrogenase (guaB) and GMP synthetase (guaA) activities were determined as described by Lambden and Drabble (14) . SAMP synthetase (purA) was assayed as described by Rudolph and Fromm (19) , except that the GTP-regenerating system of Clonis and Lowe was used (6) . SAMP lyase (purB) was assayed by the method of Gots and Gollub (8) with SAICAR as the substrate. SAICAR was prepared from aminoimidazolecarboxamide riboside as described by Huang (11) . f-Galactosidase (lacZ) was assayed as described previously (24) . Glutamine 5'-phosphoribosyl-1-PP, amidotransferase (purF) was assayed by the method of Messenger and Zalkin (18) .
Strain TX40 (Table 1) was mutagenized with the Mu dl(Ap lac) bacteriophage (4), and both purA and purB auxotrophs were found. The inactivated locus in each adenine auxotroph was identified by testing for SAICAR accumulation after culturing the auxotroph under limiting adenine growth conditions (8) . A strain deficient in SAMP lyase (purB) will accumulate SAICAR, whereas a strain deficient in SAMP synthetase (purA) will not (8) (Fig. 1) .
The putative purB-lac fusion strains, i.e., SAICAR accumulators, were then individually grown under limiting and repressing adenine growth conditions, and their ,1-galactosidase activity was determined by a whole-cell assay.
Those strains which derepressed P-galactosidase activity in response to limiting, adenine growth conditions were considered authentic purB-lac fusion strains. Because of the possibility of Mu dl(Ap lac) transposition, it was decided to substitute the Xpl(209) bacteriophage (5) for the Mu dl(Ap lac) bacteriophage (13) in strain TX412 (Table 1) . A representative strain that was a single Xpl(209) lysogen and free of Mu dl(Ap lac) was designated strain TX530 and used in the remainder of this study.
Regulation of the purA locus. Because of the involvement of adenine molecules in the regulation of the guaBA operon (17), a guaB mutation was introduced into strain TX530 to determine if a reciprocal involvement of guanine derivatives in the regulation of the purA and purB loci existed. Strain TX530 and a spontaneous guaB derivative (strain TX550) were grown under various purine growth conditions to determine which factors regulated the expression of the purA and purB loci. SAMP synthetase (purA) is not normally assayable in crude extracts because of the facile conversion of SAMP to AMP by SAMP lyase (16) . However, because SAMP lyase is inactivated, SAMP synthetase can be reliably assayed in strain TX530.
The various purine growth conditions tested and the resulting enzyme levels are presented in Table 2 . As can be seen, the piurA locus derepressed under either limiting adenine (strain TX530) or limiting guanine (strain TX550) growth conditions with excess guanine or adenine, respectively. The addition of hypoxanthine to the limiting growth conditions appeared to exert a small repressive effect on the expression of the plrA locus. It was not possible to directly test for the involvement of hypoxanthine or its derivatives because a growth requirement could not be imposed. It should be noted that the limiting adenine growth condition of strain TX530 also limited for guanine since SAMP lyase functioned in the main pathway (Fig. 1) as evidenced by the derepression of the giaBA operon ( Table 2) .
Regulation of the purB locus. A twofold derepression of the plurB locus, as measured by 3-galactosidase activity, occurred under limiting adenine growth conditions in the presence of either excess hypoxanthine or excess guanine (Table 2) . However, the presence of both hypoxanthine and guanine prevented the derepression of the pio-B locus. When strain TX550 was limited for guanine, the puirB locus did not derepress. Because of the relatively low derepression of the purB locus, the limiting purine growth conditions for strain TX550 were repeated in a chemostat. Chemostat studies were carried out in a BioFlo chemostat (New Brunswick Scientific Co., Inc., Edison, N.J.) under limiting adenine (5 pLg/ml) or limiting guanine (5 pg/ml) growth conditions in supplemented minimal medium at 37°C. Cultures were harvested after 12 h in a steady-state growth condition. The resulting 3-galactosidase activities confirm the above conclusions and are shown in parentheses beside the batch-culture activities (Table 2 ). Maximal repression of the purB locus was obtained in the presence of adenine and either hypoxanthine or guanine. Because the interconversion pathways were intact, it was not possible to determine if adenine molecules alone could cause a significant repression of the piurB locus. The lower GMP synthetase (guaA) enzyme levels of strain TX550 compared with those of strain TX530 could be due to a slight polar effect of the guaB mutation in strain TX550.
Even though the plilrA and purB loci participate in a unique pathway for the conversion of IMP into AMP, the results of this study show that they are not regulated by a common mechanism. While both loci respond to limiting adenine growth conditions, the main difference between the regulation of the piurA and plurB loci appears to be that the piirB locus does not respond to limiting guanine growth conditions as the piurA locus does. The two loci also differ in their response to excess hypoxanthine and guanine growth conditions. This combination prevents the derepression of the piurB locus but only exerts a slight repressive effect on the expression of the piurA locus. The purA locus exhibits a wide range of derepression and can be repressed to undetectable levels under any excess growth conditions, while the piirB locus exhibits only a twofold difference under the same growth conditions.
The involvement of guanine in the regulation of the pinrA and piurB loci parallels the involvement of adenine in the regulation of the gitaBA operon (17) . Thus, the AMP and GMP biosynthetic pathways appear to be metabolically interlocked, with products of each pathway involved in the regulation and synthesis of the other.
Houlberg and Jensen (10) have established that the purine bases hypoxanthine and guanine regulate the synthesis of the first four enzymes of the purine biosynthetic pathway. The requirement of both hypoxanthine and guanine for the repression of the pulrB locus supports their findings. However, since the salvage pathways are intact in our strains, this study only tested for the general nature and not for the specific identity of each regulatory molecule. The regulation of the piirB locus clearly differs from the rest of the main biosynthetic pathway in that it responds to limiting adenine growth conditions whereas the main pathway does not (10) . However, based on the involvement of hypoxanthine and guanine in the regulation of the purB locus, there remains a potential for sharing a common regulatory mechanism with the main biosynthetic pathway. The putative regulatory protein for purine metabolism characterized by Koduri and Gots (12) exhibited ATP-dependent but not GTP-dependent binding to a ColEl purA plasmid. Since we demonstrate a role for guanine in purA regulation, our results would be consistent with their findings only if separate regulatory proteins, i.e., ATP dependent and GTP dependent, exist for the purA locus. Numerous studies (2, 7, 15, 23) have established that the purR mutations isolated for the main biosynthetic pathway control the expression of the purF, purD, purL, purE, and purJH loci. The effect on the purA locus has not been determined, but the purB locus is not affected (2) .
